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APPARATUS FOR ACTIVATING OCCUPANT 
RESTRAINT DEVICE 

BACKGROUND OF THE INVENTION 

1 Technical Field of the Invention The present invention 
relates to an apparatus for activating occupant restraint 
devices of a vehicle. 

2 Description of the Related Art 
A conventional apparatus for activating occupant restraint 

devices of a vehicle has ?rst and second acceleration sensors 
to detect deceleration of the vehicle. 
TWo output signals, Which are generated by each of the 

?rst and second acceleration sensors of the vehicle, are fed 
to the same CPU of the vehicle. Then, the CPU determines 
Whether or not to activate the occupant restraint devices of 
the vehicle such as an airbag, through tWo separate Ways 
Where each of the output signals of the ?rst and second 
acceleration sensors of the vehicle are processed. As a result, 
the occupant restraint devices of the vehicle are activated 
upon receiving tWo activation signals from each of the tWo 
Ways of determination. HoWever, since both of the tWo 
output signals are processed by the single CPU, there is a 
possibility of faulty activation of the occupant restraint 
devices of the vehicle due to failure of the CPU. 

To avoid faulty activations of the occupant restraint 
devices of the vehicle as described above, it can be consid 
ered to alloW the apparatus to have tWo CPUs running in 
parallel. Thus, one CPU determines Whether or not to 
activate the occupant restraint devices of the vehicle depend 
ing solely on the output signal of the ?rst acceleration sensor 
of the vehicle, While the other executes the identical deter 
mination process depending solely on that of the second 
acceleration sensor of the vehicle. 

HoWever, the use of more than one CPU makes the 
apparatus expensive. As an alternative cost-effective solu 
tion, as proposed by Japanese Patent Application Laid-Open 
No. Hei 9-222437, the determination depending solely on 
the output signal of the ?rst acceleration sensor is executed 
by using a CPU, Whereas the determination depending 
solely on the output signal of the second acceleration sensor 
of the vehicle is implemented by using a relatively loW-cost 
comparator instead of a CPU. The comparator is so con?g 
ured to provide a signal to activate the occupant restraint 
devices of the vehicle When the output signal of the second 
acceleration sensor indicative of deceleration of the vehicle 
exceeds a predetermined threshold. 
On the other hand, a RTTF (i.e., Required Time To Fire) 

for a vehicle, Which is a required time-interval betWeen an 
occurrence of collision of the vehicle and the resultant 
deployment of occupant restraint devices of the vehicle, is 
desired to be short. 

HoWever, When determining Whether or not to activate the 
occupant restraint devices of the vehicle depending on the 
output signal of the second acceleration sensor of the vehicle 
by means of a comparator, an activation signal from the 
comparator cannot be outputted by a predetermined RTTF 
for the vehicle if there is a deviation of Zero-point value for 
the second acceleration sensor of the vehicle. The deviation 
of Zero-point value of the second acceleration sensor of the 
vehicle may be caused by, for example, aged deterioration of 
the sensor or a change in environmental temperature. 

For example, there is an output signal of the second 
acceleration sensor of the vehicle as shoWn in FIG. 3, Which 
is generated immediately after a collision of the vehicle. The 
output signal of the second acceleration sensor indicates a 
change in deceleration (as Well as acceleration) of the 
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2 
vehicle With respect to time. In addition, the RTTF for the 
vehicle is predetermined as 26 msec. 

First, suppose that the Zero-point value of the second 
acceleration sensor coincides With a reference Zero-point 
value thereof, and a threshold of deceleration for the com 
parator is predetermined as 70 m/s2. Then, in FIG. 3, When 
the output signal of the second acceleration sensor goes 
above the solid horizontal threshold line Which corresponds 
to the threshold of 70 m/s2, the comparator outputs a signal 
to activate the occupant restraint devices of the vehicle. 
NoW, suppose that the Zero-point value of the second 

acceleration sensor deviates, for example a value of 50 m/s2, 
toWards the negative direction of deceleration (i.e., the 
positive direction of acceleration) in FIG. 3. Then, the effect 
of the deviation is equivalent to that of a change Where the 
output signal of the second acceleration sensor remains in 
the initial position, While the threshold for the comparator 
increases from 70 m/s2 to 120 m/s2. Referring to FIG. 3, 
there are a dashed horizontal line corresponding to the 
increased threshold of 120 m/s2, and a solid vertical line 
representing the RTTF of 26 msec for the vehicle. It Will be 
noted from FIG. 3 that the comparator cannot output a signal 
to activate the occupant restraint devices of the vehicle by 
the RTTF of 26 msec due to the deviation of Zero-point value 
of the second acceleration sensor. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a loW-cost apparatus for activating occupant 
restraint devices of a vehicle, Which can reliably output a 
signal to activate the occupant restraint devices of the 
vehicle depending on the output signal of a second accel 
eration sensor of the vehicle even When there is a deviation 
of Zero-point value for the second acceleration sensor of the 
vehicle. 

In accordance With one aspect of the invention, an appa 
ratus for activating occupant restraint devices of a vehicle 
includes ?rst and second sensors, ?rst and second determi 
nation units, an output circuit, and an activation unit. 
The ?rst sensor of the apparatus senses dynamic move 

ment of the vehicle and generates a ?rst signal indicative of 
the dynamic movement of the vehicle, and the ?rst deter 
mination unit determines, using a CPU, Whether or not to 
output a ?rst activation signal depending on the ?rst signal 
from the ?rst sensor. In the meanWhile, the second sensor 
senses dynamic movement of the vehicle and generates a 
second signal indicative of the dynamic movement of the 
vehicle, and the second determination unit determines, using 
loW-cost comparators, Whether or not to output a second 
activation signal depending on the second signal from the 
second sensor. The output circuit outputs a ?nal activation 
signal upon receiving both the ?rst activation signal from the 
?rst determination unit and the second activation signal from 
the second determination unit, and the activation unit acti 
vates the occupant restraint devices of the vehicle upon 
receiving the ?nal activation signal from the output circuit. 
Compared to a conventional apparatus Which uses a single 

predetermined threshold of deceleration, the second sensor 
of the apparatus according to the present invention senses 
acceleration as Well as deceleration of the vehicle, and the 
second determination unit of the apparatus executes the 
determination process by using a predetermined second 
threshold directed to the acceleration of the vehicle as Well 
as a predetermined ?rst threshold directed to the decelera 
tion of the vehicle. As a result, the use of more than one 
threshold enables the apparatus to reliably output a second 
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activation signal for activating the occupant restraint devices 
of the vehicle by the RTTF for the vehicle, even When there 
is a deviation of Zero-point value for the second sensor of the 
apparatus. 

According to another aspect of the invention, an apparatus 
for activating occupant restraint devices of a vehicle 
includes ?rst and second sensors, ?rst and second determi 
nation units, an output circuit, and an activation unit. 

The ?rst sensor senses deceleration of the vehicle and 
generates a ?rst deceleration signal indicative of the decel 
eration of the vehicle, and the ?rst determination unit 
determines, using a CPU, Whether or not to output a ?rst 
activation signal depending on the ?rst deceleration signal 
from the ?rst sensor. In the meanwhile, the second sensor 
senses the deceleration of the vehicle and generates a second 
deceleration signal indicative of the deceleration of the 
vehicle, and the second determination unit determines, using 
loW-cost comparators, Whether or not to output a second 
activation signal depending on the second deceleration sig 
nal from the second sensor. The output circuit outputs a ?nal 
activation signal upon receiving both the ?rst activation 
signal from the ?rst determination unit and the second 
activation signal from the second determination unit, and the 
activation unit activates the occupant restraint devices of the 
vehicle upon receiving the ?nal activation signal from the 
output circuit. 
Compared to a conventional apparatus Which uses a single 

predetermined threshold of deceleration, the second deter 
mination unit of the apparatus according to the present 
invention includes a threshold provider for selectively pro 
viding a deceleration threshold for the determination 
depending on the second deceleration signal from the second 
sensor of the apparatus. The threshold provider consists 
preferably of a threshold setting means for setting a plurality 
of deceleration thresholds, and a threshold selection means 
for selecting one deceleration threshold from the plurality of 
deceleration thresholds set by the threshold setting means 
depending on the second deceleration signal from the second 
sensor. As a result, the use of selectively provided decelera 
tion threshold enables the apparatus to reliably output a 
second activation signal for activating the occupant restraint 
devices of the vehicle by the RTTF for the vehicle, even 
When there is a deviation of Zero-point value for the second 
sensor of the apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be understood more fully from 
the detailed description given hereinafter and from the 
accompanying draWings of preferred embodiments of the 
invention, Which, hoWever, should not be taken to limit the 
invention to the speci?c embodiments but are for the pur 
pose of explanation and understanding only. 

In the accompanying draWings: 
FIG. 1 is a block diagram illustrating an apparatus for 

activating occupant restraint devices of a vehicle according 
to the ?rst embodiment of the invention; 

FIG. 2 is a diagram illustrating a relationship betWeen 
deviation of Zero-point value of the second acceleration 
sensor 2 of FIG. 1 and thresholds of deceleration and 
acceleration for the comparators 42, 43 of FIG. 1 according 
to the ?rst embodiment of the invention; 

FIG. 3 is a timing chart illustrating an output signal of the 
second LPF 41 of FIG. 1 according to the ?rst embodiment 
of the invention; 
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4 
FIG. 4 is a block diagram illustrating an apparatus for 

activating occupant restraint devices of a vehicle according 
to the second embodiment of the invention; 

FIG. 5 is a simpli?ed vieW illustrating an output signal of 
the second LPF 81 of FIG. 4 according to the second 
embodiment of the invention; 

FIG. 6 is a diagram illustrating a relationship betWeen 
deviation of Zero-point value of the second acceleration 
sensor 2 of FIG. 4 and deceleration threshold for the 
comparators 85 of FIG. 4 according to the second embodi 
ment of the invention; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 
An apparatus for activating occupant restraint devices of 

a vehicle according to a ?rst embodiment of the present 
invention is described With reference to FIG. 1. 
As shoWn in FIG. 1, the apparatus is provided With a ?rst 

acceleration sensor 1, a second acceleration sensor 2, a ?rst 
determination unit 3, a second determination unit 4, an AND 
gate 5, and an activation unit 6 Which is further connected 
to occupant restraint device 7. The occupant restraint device 
7 hereof represents one or more occupant restraint devices of 
the vehicle such as an airbag. The apparatus is mounted in 
the central portion of the body of the vehicle. 

The ?rst acceleration sensor 1 is an electronic sensor to 

detect deceleration (i.e., negative acceleration) of the 
vehicle. The ?rst acceleration sensor 1 outputs a signal 
indicative of deceleration of the vehicle Which is an analog 
electric voltage signal corresponding to the displacement of 
the vehicle. 
As mentioned previously, a conventional second accel 

eration sensor of a vehicle only detects deceleration of the 
vehicle. HoWever, the second acceleration sensor 2 accord 
ing to the present embodiment, Which is also an electronic 
sensor, detects not only deceleration but also acceleration of 
the vehicle. Accordingly, the ?rst and second acceleration 
sensors 1 and 2 of the vehicle have different output voltage 
ranges. 
The ?rst determination unit 3, Which consists of a micro 

computer, includes an A/D converter 31, a Zero-point com 
pensator 32, a ?rst LPF (LoW-Pass Filter) 33 for shaping 
Wave form, and a collision determination circuit 34. The ?rst 
determination unit 3 determines Whether to activate the 
occupant restraint device 7 depending on the output signal of 
the ?rst acceleration sensor 1. 
The A/D converter 31 is connected With the ?rst accel 

eration sensor 1, so that the output signal of the ?rst 
acceleration sensor 31 is fed to the A/D converter 31 and 
converted to a corresponding digital signal representing 
deceleration of the vehicle. 
The Zero-point compensator 32 determines deviation of 

Zero-point value for the ?rst acceleration sensor 1 based on 
the output signal thereof, Which is digitiZed by the A/D 
converter 31, and if deviation exists, compensates for it. 
The ?rst LPF 33 cuts off noise involved in the output 

signal of the Zero-point compensator 32, thereby shaping the 
Wave form of the output signal. 
The collision determination circuit 34 integrates the out 

put signal of the ?rst LPF 33, detecting an occurrence of 
collision of the vehicle based on the integration results, and 
determines Whether to output a ?rst activation signal for 
activating the occupant restraint device 7 When an occur 
rence of collision of the vehicle is detected. 



US 7,347,297 B2 
5 

The second determination unit 4 includes a second LPF 
41, a deceleration comparator 42 Which compares decelera 
tion of the vehicle With a predetermined deceleration thresh 
old, an acceleration comparator 43 Which compares accel 
eration of the vehicle With a predetermined acceleration 
threshold, and an OR gate 44. The second determination unit 
4 determines Whether to output a second activation signal for 
activating the occupant restraint device 7 depending on the 
output signal of the second acceleration sensor 2. 

The second LPF 41 of the second determination unit 4 
cuts off noise involved in the output signal of the second 
acceleration sensor 2, thereby shaping the Wave form of the 
output signal. The second LPF 41 includes a resistor R and 
a capacitor C, and the time constant thereof is a necessary 
parameter for determining Whether a collision of the vehicle 
has occurred. In addition, the cut-off frequency of the second 
LPF 41 may, for example, be 200 Hz. 

The deceleration comparator 42 has its positive input 
terminal (+) through Which the output signal of the second 
LPF 41 is inputted, and its negative input terminal (—) 
through Which a voltage signal representing a deceleration 
threshold A is inputted. On the other hand, the acceleration 
comparator 43 has its positive input terminal (+) through 
Which a voltage signal representing an acceleration thresh 
old B is inputted, and its negative input terminal (—) through 
Which the output signal of the second LPF 41 is inputted. 

Referring to FIG. 2, a relationship betWeen deviation of 
zero-point value of the second acceleration sensor 2 and the 
thresholds A and B for the comparators 42 and 43 is 
described. There are tWo vertical axes in FIG. 2, the left one 
is used to indicate value of voltage of the output signal of the 
second LPF 41 While the right one is used to indicate value 
of deceleration (as Well as acceleration) of the vehicle. In 
addition, the upWard direction of the right vertical axis 
corresponds to the positive direction of deceleration While 
the doWnWard direction of that corresponds to the positive 
direction of acceleration. 
A zero-point value of the second acceleration sensor 2 is 

a value of voltage Which is indicated on the left vertical axis 
in FIG. 2 When both actual values of deceleration and 
acceleration of the vehicle indicated on the right vertical axis 
are zero. In addition, there is a reference zero-point value 
given to the second acceleration sensor 2, Which is pre 
de?ned as 2.5 V in FIG. 2. Zero-point value of the second 
acceleration sensor 2 may deviate from the reference zero 
point value of 2.5 V due to the previously mentioned causes. 

The deceleration threshold A for the comparator 42 has a 
voltage value greater than the reference zero-point value of 
2.5 V, Whereas the acceleration threshold B for the com 
parator 43 has a voltage value in the range of from 0 to 2.5 
V. Accordingly, in FIG. 2, the dashed line A-A above the 
central horizontal axis corresponds to the deceleration 
threshold A, Whereas the dashed line B-B beloW the central 
horizontal axis corresponds to the acceleration threshold B. 
When the output signal of the second LPF 41 goes above 

the dashed line A-A in FIG. 2, in other Words, the voltage 
value of the output signal of the second LPF41 exceeds that 
of the deceleration threshold A, the deceleration comparator 
42 outputs an ON signal, otherwise, it does not. On the other 
hand, When the output signal of the second LPF 41 goes 
beloW the dashed line B-B, in other Words, the voltage value 
of the output signal of the second LPF41 drops beloW that 
of the acceleration threshold B, the acceleration comparator 
43 outputs an ON signal, otherwise, it does not. 

Referring again to FIG. 1, When either of the deceleration 
comparator 42 or the acceleration comparator 43 outputs an 
ON signal, the OR gate 44 outputs a second activation signal 
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6 
for activating the occupant restraint device 7 of the vehicle. 
More speci?cally, When the voltage value of the output 
signal of the second LPF41 exceeds that of the deceleration 
thresholdA or drops beloW that of the acceleration threshold 
B, either the deceleration comparator 42 or the acceleration 
comparator 43 outputs an ON signal, thereby outputting a 
second activation signal. 
The AND gate 5 outputs a ?nal activation signal for 

activating the occupant restraint device 7 of the vehicle upon 
receiving both a ?rst activation signal from the ?rst deter 
mination unit 3 and a second activation signal from the 
second determination unit 4. 
The activation unit 6, Which may be a squib, activates the 

occupant restraint device 7 of the vehicle upon receiving a 
?nal activation signal from the AND gate 5. 
The main advantage of con?guring the second determi 

nation unit 4 as described above is described With reference 
to FIGS. 2 and 3. 
As mentioned previously, the left vertical axis in FIG. 2 

indicates the value of voltage of the output signal of the 
second LPF41, and the right vertical axis indicates the value 
of deceleration (as Well as acceleration) of the vehicle. The 
central horizontal axis in FIG. 2 corresponds to the condition 
of the second acceleration 2 Where there is no deviation of 
zero-point value for the sensor, that is, zero-point value of 
the sensor is equal to the reference zero-point value of 2.5 
V. In addition, there is a dashed line a-a above the central 
horizontal axis, Which corresponds to a condition of the 
sensor Where there is a deviation of zero-point value for the 
sensor toWards the positive direction of deceleration, that is, 
the zero-point value of the sensor is a V greater than the 
reference zero-point value of 2.5 V. On the contrary, the 
dashed line b-b beloW the central horizontal axis corre 
sponds to a condition of the sensor Where there is a deviation 
of zero-point value for the sensor toWards the positive 
direction of acceleration, that is, the zero-point value of the 
sensor is b V smaller than the reference zero-point value of 
2.5 V. 

For ease of description, suppose that the voltage differ 
ence of dec_ref betWeen the reference zero-point value of 
2.5 V and the deceleration threshold A is equal to that of 
acc_ref betWeen 2.5 V and the acceleration threshold B, as 
the case (1) in FIG. 2. The deceleration of the vehicle 
corresponding to dec_ref is referred to as reference-decel 
eration of the vehicle, and When deceleration of the vehicle 
exceeds it, an ON signal for activating the occupant restraint 
device 7 is outputted by the comparator 42. On the other 
hand, the value of acceleration of the vehicle corresponding 
to acc_ref is referred to as reference-acceleration of the 
vehicle, and When acceleration of the vehicle exceeds it, an 
ON signal for activating the occupant restraint device 7 is 
also outputted by the comparator 43. 
When the zero-point value of the second acceleration 

sensor 2 deviates from 2.5 V to a V, as the case (2) in FIG. 
2, the voltage difference of dec_min betWeen the decelera 
tion threshold A and a is less than that of acc_max betWeen 
a and the acceleration threshold B. In addition, the voltage 
difference of dec_min is less than dec_ref, in other Words, 
even When the actual deceleration of the vehicle does not 
exceed the reference-deceleration of the vehicle but exceeds 
a deceleration corresponding to the voltage difference of 
(A-a), an ON signal for activating the occupant restraint 
device 7 of the vehicle can be outputted by the comparator 
42. 
On the contrary, When the zero-point value of the second 

acceleration sensor 2 deviates from 2.5 V to b V, as the case 
(3) in FIG. 2, the voltage difference of dec_max betWeen the 
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deceleration threshold A and b is greater than that of 
acc_min between b and the acceleration threshold B. In 
addition, the voltage difference of dec_max is greater than 
that of dec_ref, in other Words, When the actual deceleration 
of the vehicle exceeds the reference-deceleration of the 
vehicle but does not exceed a deceleration corresponding to 
the voltage difference of (A-b), no ON signal for activating 
the occupant restraint device 7 is outputted by the compara 
tor 42. However, at the same time, the voltage difference of 
acc_min is less than that of acc_ref, in other Words, even 
When the actual acceleration of the vehicle does not exceed 
the reference-acceleration of the vehicle but exceeds an 
acceleration corresponding to the voltage difference of 
(b-B), an ON signal can be outputted by the comparator 43. 
More speci?cally, in FIG. 3, there is an output signal of 

the second acceleration sensor 2 of the vehicle described 
previously, and both values of the deceleration threshold A 
and acceleration threshold B are predetermined as 70 m/s2. 

First, suppose that there is no deviation of Zero-point 
value for the second acceleration sensor 2, Which corre 
sponds to the case (1) in FIG. 2. Then, the deceleration of the 
vehicle represented by the output signal of the second 
acceleration sensor 2 exceeds the threshold A of 70 m/s2 at 
the time of 6 msec, Whereas the acceleration of the vehicle 
represented by the same signal exceeds the threshold B of 70 
M/s2 at the time of 12 msec. As a result, a second activation 
signal for activating the occupant restraint device 7 of the 
vehicle is outputted through the OR gate at the time of 6 
msec, Which is shorter than the predetermined RTTF of 26 
msec for the vehicle. 

Secondly, suppose that the Zero-point value of the second 
acceleration sensor 2 deviates, for example a value of 50 
m/s2, toWards the positive direction of deceleration of the 
vehicle, Which corresponds to the case (2) in FIG. 2. Then, 
the effect of the deviation is equivalent to that of a change 
Where the output signal of the second acceleration sensor 2 
remains in the initial position in FIG. 3, While the decelera 
tion thresholdA and the acceleration threshold B become 20 
m/s2 and —l20 m/s2 respectively. Consequently, the decel 
eration of the vehicle represented by the output signal of the 
second acceleration sensor 2 exceeds the threshold A of 20 
M/s2 at the time of 4 msec, Whereas the acceleration of the 
vehicle represented by the same signal exceeds the threshold 
B of —l20 m/s2 at the time of 36 msec. As a result, a second 
activation signal for activating the occupant restraint device 
7 of the vehicle is outputted through the OR gate 44 at the 
time of 4 msec, Which is shorter than the predetermined 
RTTF of 26 msec for the vehicle. 

Finally, suppose that the Zero-point value of the second 
acceleration sensor 2 deviates, for example a value of 50 
m/s2, toWards the negative direction of deceleration (i.e., the 
positive direction of acceleration) of the vehicle, Which 
corresponds to the case (3) in FIG. 2. Then, the effect of the 
deviation is equivalent to that of a change Where the output 
signal of the second acceleration sensor 2 remains in the 
initial position in FIG. 3, While the deceleration thresholdA 
and the acceleration threshold B become 120 m/s2 and —20 
m/s2 respectively. Consequently, the deceleration of the 
vehicle represented by the output signal of the second 
acceleration sensor 2 exceeds the threshold A of 120 m/s2 at 
the time of 27 msec, Whereas the acceleration of the vehicle 
represented by the same signal exceeds the threshold B of 
—20 m/s2 at the time of 11 msec. As a result, a second 
activation signal for activating the occupant restraint device 
7 of the vehicle is outputted through the OR gate 44 at the 
time of 11 msec, Which is shorter than the predetermined 
RTTF of 26 msec for the vehicle. 
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8 
Accordingly, the second determination unit 4 according to 

the present embodiment can reliably output a second acti 
vation signal for activating the occupant restraint device 7 of 
the vehicle by the RTTF for the vehicle, even When there is 
a deviation of Zero-point value for the second acceleration 
sensor 2. 

In addition, acceleration of a vehicle rising immediately 
after a collision of the vehicle is generally smaller than 
deceleration of the vehicle rising. Therefore, the voltage 
difference of acc_ref betWeen 2.5 V and the acceleration 
threshold B may preferably be set smaller than that of 
dec_ref betWeen the reference Zero-point value of 2.5 V and 
the deceleration threshold A, so that the second determina 
tion unit 4 can even reliably output a second activation 
signal for activating the occupant restraint device 7 of the 
vehicle. 

Second Embodiment 
An apparatus for activating occupant restraint devices of 

a vehicle according to a second embodiment of the present 
invention is described With reference to FIG. 4. 
As shoWn in FIG. 4, the apparatus is provided With a ?rst 

acceleration sensor 1, a second acceleration sensor 2, a ?rst 
determination unit 3, a second determination unit 8, an AND 
gate 5, and an activation unit 6 Which is further connected 
to occupant restraint device 7. The occupant restraint device 
7 hereof represents one or more occupant restraint devices of 
the vehicle such as an airbag. The apparatus is mounted in 
the central portion of the body of the vehicle. 

It is necessary to note ?rst that the second acceleration 
sensor 2 of the apparatus only detects deceleration of the 
vehicle, Which is different from the case of the ?rst embodi 
ment of the invention Where a second acceleration sensor 2 
detects not only deceleration but also acceleration of the 
vehicle. Other functional blocks of the apparatus denoted 
With the same numerals as those of the apparatus according 
to the ?rst embodiment of the invention are not described 
repeatedly in the interest of brevity. 

Referring to FIG. 4, the second determination unit 8 of the 
apparatus includes a second LPF 81, a ?rst comparator 82, 
a second comparator 83, a third LPF 84, a third comparator 
85, transistors TR1, TR2, and TR3, and resistors R3, R4, R5, 
and R6. The second determination unit 8 determines Whether 
to output a second activation signal for activating the 
occupant restraint device 7 of the vehicle depending on the 
output signal of the second acceleration sensor 2. 
The second LPF 81 of the second determination unit 8 is 

a LPF for providing a signal for determining deviation of 
Zero-point value for the second acceleration sensor 2. The 
second LPF81 includes a resistor R1 and a capacitor C1, and 
the time constant thereof is considerably greater than that of 
the third LPF 84 of the apparatus to be described beloW. In 
addition, the cut-off frequency of the second LPF 81 may, 
for example, be 0.05 HZ. 
By the Way, in the second embodiment, the ?rst and 

second comparators 82 and 83, the transistors TR1, TR2 and 
TR3, and resistors R3, R4, R5, and R6 constitute a threshold 
provider of the second determination unit 8 for selectively 
providing a deceleration threshold for the determination 
depending on the output signal of the second acceleration 
sensor 2. More speci?cally, the ?rst and second comparators 
82 and 83, together With the transistors TR1, TR2, and TR3, 
provide a threshold selection means for the third comparator 
85, While the resistors R3, R4, R5, and R6 provide a 
threshold setting means for the same comparator. 

The ?rst comparator 82 has its positive input terminal (+) 
through Which the output signal of the second LPF 81 is 
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inputted, and its negative input terminal (—) through Which 
a voltage signal representing an upper threshold DeHi for 
determining deviation of Zero-point value for the second 
acceleration sensor 2 is inputted. The upper threshold DeHi 
has a greater voltage value than a reference Zero-point value 
DeRef of the second acceleration sensor 2. The reference 
Zero-point value DeRef of the sensor is a Zero-point value of 
the sensor in the initial condition thereof, in other Words, is 
an ideal Zero-point value of the sensor. When the voltage 
value of the output signal of the second LPF 81 exceeds the 
upper threshold DeHi, the ?rst comparator 82 outputs an ON 
signal, otherWise, it does not. 
The transistor TR1 is a PNP transistor having its emitter 

connected to a poWer supply bus of 5 V coupled to a battery 
(the battery is omitted from FIG. 4), its base connected to the 
collector of the transistor TR2, and its collector connected to 
the resistor R3. The transistor TR2 is a NPN transistor 
having its collector connected to the base of the transistor 
TR1, its base connected to the output terminal of the ?rst 
comparator 82, and its emitter connected to ground. Accord 
ingly, When an ON signal is outputted from the ?rst com 
parator 82, the transistor 82 is biased on, thereby biasing the 
transistor TR1 on. As a result, current ?oWs through the 
emitter-collector circuit of the transistor TR1. 

The second comparator 83 has its positive input terminal 
(+) through Which a voltage signal representing a loWer 
threshold DeLo for determining deviation of Zero-point 
value for the second acceleration sensor 2 is inputted, and its 
negative input terminal (—) through Which the output signal 
of the second LPF 81 is inputted. The loWer threshold DeLo 
has a smaller voltage value than the reference Zero-point 
value DeRef of the sensor. When the voltage value of the 
output signal of the second LPF 81 drops beloW the loWer 
threshold DeLo, the second comparator 83 outputs an ON 
signal, otherWise, it does not. 
The transistor TR3 is a NPN transistor having its collector 

connected to the resistor 5, its base connected to the output 
terminal of the second comparator 83, and its emitter con 
nected to ground. Accordingly, When an ON signal is out 
putted from the second comparator 83, the transistor TR3 is 
biased on. 

The resistors R3, R4, R5, and R6 constitute a means for 
setting thresholds including a reference threshold, an upper 
threshold, and loWer threshold for the third comparator 85 to 
be described beloW. 
As seen from FIG. 4, the resistors R3 and R4 are con 

nected in parallel, and the resistors R5 and R6 are connected 
in parallel as Well. In addition, the combined resistors R3, 
R4 are connected in series With the combined resistors R5 
and R6. More speci?cally, the resistor R3 has its high 
voltage end connected to the collector of the transistor TR1, 
and its loW voltage end connected to the loW voltage end of 
the resistor R4, that is, the common high voltage end of the 
resistors R5 and R6. The resistor R4 has its high voltage end 
connected to the poWer supply bus of 5 V, and its loW voltage 
end connected to the loW voltage end of the resister R3. The 
loW voltage end of the resistor R5 is connected to the 
collector of the transistor TR3, and the loW voltage end of 
the resistor R6 is connected to ground. 

The third LPF 84 of the second determination unit 8 cuts 
off noise involved in the output signal of the second accel 
eration sensor 2, thereby shaping the Wave form of the 
output signal. The third LPF 84 includes a resistor R2 and a 
capacitor C2, and the time constant thereof is a necessary 
parameter for determining Whether a collision of the vehicle 
has occurred. In addition, the cut-off frequency of the third 
LPF 84 may, for example, be 200 HZ. 
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10 
The third comparator 85 of the second determination unit 

8 has its positive input terminal (+) through Which the output 
signal of the third LPF 84 is inputted, and its negative input 
terminal (—) With Which the common loW voltage end of the 
resistors R3 and R4, that is, the common high voltage end of 
the resistors R5 and R6 is connected. In addition, the output 
signal of the third comparator 85 is provided to the OR gate 
5. 

The determination process of the second determination 
unit 8 is described With reference to FIGS. 4-6. FIG. 5 shoWs 
an output signal of the second LPF 81 With three horizontal 
lines DeHi-DeHi, DeRe-DeRe, and DeLo-DeLo. FIG. 6 
illustrates a relationship betWeen thresholds for determining 
deviation of Zero-point value for the second acceleration 
sensor 2 and deceleration thresholds for the third compara 
tors 85. 

First, in FIG. 5, When the output signal of the second LPF 
81 lies on the area betWeen the threshold lines DeHi-DeHi 
and DeLo-DeLo for determining deviation of Zero-point 
value for the second acceleration sensor 2, no ON signal is 
outputted from either of the comparators 82 and 83. Then, 
the Transistors TR1, TR2, and TR3 are not biased on, 
consequently no current ?oWs through the resistors R3 and 
R5. As a result, the voltage, Which is determined by the 
voltage divider consisting of the resistors R4 and R6, is 
applied to the negative terminal (—) of the third comparator 
85. In addition, the voltage determined by the resistors R4 
and R5 is referred to as the reference threshold ThRe for the 
third comparator 85. 

Secondly, in FIG. 5, When the output signal of the second 
LPF 81 goes above the threshold line DeHi-DeHi, the ?rst 
comparator 82 outputs an ON signal While the second 
comparator 83 does not. Then, the transistors TR1 and TR2 
are biased on in turn While the transistor TR3 is not, 
consequently current ?oWs through the resistors R3, R4, and 
R6 While there is no current ?oWing through the resistor R5. 
As a result, the voltage, Which is determined by the voltage 
divider consisting of the resistors R3, R4, and R6, is applied 
to the negative terminal (—) of the third comparator 85. Since 
the combined resistance of the resistors R3 and R4 in 
parallel is smaller than the resistance of the single resistor 
R4, the voltage determined is higher than the reference 
threshold ThRe for the third comparator 85, and is accord 
ingly referred to as high threshold ThHi therefore. In FIG. 6, 
the high threshold ThHi for the comparator 85 is corre 
sponding to the upper threshold DeHi for determining 
deviation of Zero-point value for the second acceleration 
sensor 2. 

Finally, in FIG. 5, When the output signal of the second 
LPF 81 goes beloW the threshold line DeLo-DeLo, the 
second comparator 83 outputs an ON signal While the ?rst 
comparator 82 does not. Then, the transistor TR3 is biased 
on While the transistors TR1 and TR2 are not, consequently 
current ?oWs through the resistors R4, R5, and R6 While 
there is no current ?oWing through the resistor R3. As a 
result, the voltage, Which is determined by the voltage 
divider consisting of the resistors R4, R5, and R6, is applied 
to the negative terminal (—) of the third comparator 85. Since 
the combined resistance of the resistors R5 and R6 in 
parallel is smaller than the resistance of the single resistor 
R6, the voltage determined is loWer than the reference 
threshold ThRe for the third comparator 85, and is accord 
ingly referred to as loW threshold ThLo. In FIG. 6, the loW 
threshold ThLo for the third comparator 85 is corresponding 
to the LoWer threshold DeLo for determining deviation of 
Zero-point value for the second acceleration sensor 2. 
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Accordingly, even When there is a deviation of Zero-point 
value for the second acceleration sensor 2, an optimal 
threshold is selectively provided, so that a second activation 
signal can reliably be outputted from the second determi 
nation unit 8. 

While the above particular embodiments of the invention 
have been shoWn and described, it Will be understood by 
those Who practice the invention and those skilled in the art 
that various modi?cations, changes, and improvements may 
be made to the invention Without departing from the spirit of 
the disclosed concept. Such modi?cations, changes, and 
improvements Within the skill of the art are intended to be 
covered by the appended claims. 
What is claimed is: 
1. An apparatus for activating an occupant restraint device 

of a vehicle, said apparatus comprising: 
a ?rst sensor for sensing deceleration of the vehicle and 

generating a ?rst signal indicative of the sensed decel 
eration of the vehicle; 

a second sensor for sensing dynamic movement of the 
vehicle and generating a second signal indicative of the 
sensed dynamic movement of the vehicle, the dynamic 
movement of the vehicle including acceleration and the 
deceleration of the vehicle; 

a ?rst determination unit determining Whether or not to 
output a ?rst activation signal depending on the ?rst 
signal from said ?rst sensor; 

a second determination unit determining, using a prede 
termined threshold, Whether or not to output a second 
activation signal depending on the second signal from 
said second sensor, said predetermined threshold com 
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prising a ?rst threshold directed to the deceleration of 
the vehicle and a second threshold directed to the 
acceleration of the vehicle; 

an output circuit outputting a ?nal activation signal upon 
receiving both the ?rst activation signal from said ?rst 
determination unit and the second activation signal 
from said second determination unit; and 

an activation unit activating the occupant restraint device 
of the vehicle upon receiving the ?nal activation signal 
from said output circuit, 

Wherein said second sensor is given a reference Zero-point 
value, Wherein an absolute value of the difference 
betWeen the reference Zero-point value and the ?rst 
threshold is smaller than an absolute value of the 
difference betWeen the reference Zero-point value and 
the second threshold. 

2. The apparatus as set forth in claim 1, Wherein said 
second determination unit comprises: 

a ?rst comparator for comparing the second signal from 
said second sensor With the ?rst threshold directed to 
the deceleration or the vehicle and outputting the 
second activation signal When the second signal from 
said second sensor exceeds the ?rst threshold; and 

a second comparator for comparing the second signal 
from said second sensor With the second threshold 
directed to the acceleration of the vehicle and output 
ting the second activation signal When the second 
signal from said second sensor exceeds the acceleration 
threshold. 


